Highlight
Range improvement treatmentsbrush clearing, pitting, and seeding to grass-were imposed on twentyfour 6 by 12-foot plots near Tomb stone. Arizona. One summer's rain fall of average amount and intensity reduced roughness due to pitting; and such other surface character istics as erosion pavement and ex posed soil approached a stale of stability similar to the untreated plots. Surface runoff exhibited little correlation with treatment, but showed a statistically significant negative correlation with crown cover of vegetation.
In the semiarid Southwest, rainfall is too little in amount and uncertain in distribution to maintain vegetation that ade quately protects the soil. Rainfall often occurs in severe storms that produce large volumes of surface runoff and cause serious erosion.
Because of the sparsity of veg etation, soil surface conditions become important in the infiltra tion-runoff balance. The purpose of this study was to determine effects of seasonal rainfall on soil surface characteristics after various treatments used in range reseeding and improvement, and to evaluate possible effects of range conservation practices on water yield.
In a range conservation pro gram, brush control and reseed ing of grasses in cleared or de pleted areas, together with soil treatments that impede runoff and help establish reseeded Caird and McCorkle (1946) , working in grassland areas of Texas, found that contour fur rows in rangeland functioned from four to seven years, during which a twofold increase in for age production was noted. On the other hand. Valentine (1947) found that certain structures, such as widely spaced terraces, brush dams, and contour struc tures, intended to conserve run off from semidesert rangeland in New Mexico, did not improve vegetation cover.
Many studies draw attention to the importance of vegetation in reducing runoff. Duley and Kelly (1939) reported that vegetational cover and litter have a greater effect on infiltration rates than slope, intensity of rainfall, or^oil type. Rauzi (1960) indicated that, regardless of soil type, water-intake rates depend on the type of plant cover, the amount of standing vegetation. and the amount of mulch ma terial on the ground. Beutner and Anderson (1942) found that mulch and grass cover decreased surface runoff as much as 20 to 60'-;.
The literature indicates that the surface layer of the soil is usually the most important fac tor in water intake. Alteration of the surface by pitting, contour furrows, etc., to allow longer in filtration opportunity, usually increases water intake for a time; but without adequate vegetation cover, compaction from rain drops causes puddling, lessening infiltration rates and increasing runoff (Stallings, 1952; Ellison. 1945; 1949) .
Several investigators have used microrelief meters to mea sure changes in soil surface char acteristics (Kuipers and van Ouwerkeck, 1963; Burwell. 1964; Mesavage and Smith, 1962; Sub committee. Range Research Methods, 1963) . All of these relief meters are based on the same principle. A frame is placed over the area to be measured, and sliding pins are dropped through it to the soil surface. A measvjf1-ment board behind the tops"of these pins allows direct reading of ground elevations, and microrelief may be determined from these readings.
The principal objective of this study was to investigate changes in the soil surface resulting from one summer rainy season follow ing brush removal, pitting, seed ing, and combination of these treatments. Subordinate objec tives were to investigate: 
Results
The study site received 7.65 inches of precipitation between July 10 and September 13, 1964. Of this amount, 5.84 inches fell during seven runoff-producing storms (Table 1) . These seven storms yielded almost 2 inches of surface runoff from the un treated plots.
One season's data on surface runoff show little correlation be tween runoff and treatment ( Table 1 ). Plots that were pitted and/or cleared had generally more surface runoff than plots that were seeded. Reduced run off seemed to be related to the pitting treatment in the earlier summer storms, but later in the summer pitting was related to increased runoff.
Microrelief
Response of surface roughness (microrelief) to 19(54 summer rainfall relative to treatment is presented in Table 2 as rough ness indices. Each index is the was nearly three times that of the untreated plots. After the rains, it had been reduced by 42r-. but it was still much higher than that of the untreated plots.
Cleared and Pitted.-The com bination of pitting and brush re moval left the plots of this treat ment with a higher roughness index than that of any other treatment. In the fall, however, this had been reduced to a value comparable to that of the "pitted only" plots.
Seeded.-The seeded plots in creased in roughness, but the in crease was not statistically sig nificant.
Cleared and Seeded. -The cleared and seeded plots were initially the smoothest of all treated plots. The summer rains had a slight roughening effect.
Pitted and Seeded.-Initially, pitting and seeding in combina tion left the plots very rough. Although there was a significant •♦ Change significant at the 1 percent level of probability.
smoothing of the plots, it was less than other plots included in the pitting treatment.
Cleared. Pitted, and Seeded.-Reduction of roughness in the plots that were cleared of brush, pitted, and seeded was compara ble to the plots that were pitted only. They decreased in rough ness more than the pitted and seeded plots, but less than the cleared and pitted plots.
Changes in Soil Surface

Characteristics
Response of soil-sized particles at the surface and of basal cover of vegetation to the summer rains varied with treatment (Table 3 ). In the untreated plots, no statistically significant changes in erosion pavement, soil-sized particles or basal area of vegetation were observed. On the plots cleared of brush, there was no change in erosion pave ment, but the percentage of soil particles under 2 mm decreased and litter increased by statisti cally significant amounts. On the pitted plots and those pitted and cleared, erosion pavement in creased and percentage of par ticles less than 2 mm decreased by statistically highly significant amounts.
At the end of the summer rains, seeding alone, and in all combinations of treatments, was accompanied by a statistically significant decrease in litter.This was probably due to the remov- Numerous studies have shown a direct relation between degree and iength of slope and the force that water can exert on the erod ing surface. The longer the slope, the greater is the amount of ero sion or soil loss. The study plots were measured to determine the elevational change of the soil surface following summer rains and to compare the amount of erosion on the upper and the lower half of each olot. The re sults are presented as the mean values of the three replications of each treatment (Table 4) . Un der four treatments-the control plots, the cleared plots, the pitted plots, and the seeded plots-ero sion on the lower half of the plot was considerably greater than that on the upper half. On the plots that were cleared and pitted, cleared and seeded, or pitted and seeded, it was nearly equal on the two halves. In con trast, erosion on the upper half of the cleared, pitted, and seeded plots was considerably greater than that on the lower half. (Table 1) with percent crown cover. The crown cover was taken as the mean of the measurements be fore and after the summer rainy season (Tables). Also, an analysis represent approximate equilibri um with the environment. The pitted plots had soil exposed on the surface which was washed away by the summer rains. The mulch-seeded plots showed a de crease in litter, possibly because of the washing away of litter and uncovering of erosion pavement or soil. From the similarity 'in erosion pavement and exposed soil on all plots, it appears that these surface characteristics sta bilize after one summer's rain fall. Soil Movement on the Plots.-Generally, the lower half of the 12-ft-long plots underwent more erosion than the upper half, pos sibly owing to increased velocity and quantity of surface flow on the lower half. The cleared, pit ted, and seeded plots were the only ones showing distinctly greater erosion from the upper half than from the lower half. The cleared and pitted plots, the cleared and seeded plots, and the pitted and seeded plots, showed equal amounts of erosion in the upper and lower halves.
Effects of Treatments on Sur face Runoff. -There was little correlation between treatments and surface runoff, although clearing appeared to increase rain-site runoff, and seeding ap peared to reduce it.
Effects of Crown Cover.-Crown cover appeared to have a greater effect in reducing rainsite runoff than did soil treat ments. As the crown cover in creased, the surface runoff de creased significantly. Also, crown cover slightly reduced the microrelief change.
